The authors investigated a possible contextual effect of neighborhood on individual use of hormone replacement therapy (HRT) and antihypertensive medication (AHM) and the impact of neighborhood social participation on individual use of these medications. They attempted to disentangle contextual from individual influences. Multilevel logistic regression modeling was used to analyze data on 15,456 women aged 45-73 years (first level) residing in 95 neighborhoods (second level) of the city of Malmö, Sweden (250,000 inhabitants) who participated in the Malmö Diet and Cancer Study (1991)(1992)(1993)(1994)(1995)(1996). AHM use was studied among 7,558 participants with defined hypertension. Of the total variability in medication use in this population, only 1.7% (HRT) and 0.5% (AHM) was between neighborhoods. After adjustment for age, individual socioeconomic factors, individual low levels of social participation, and health and behavioral variables, no neighborhood effect on AHM use was found. However, women living in neighborhoods with low social participation were much less likely to use HRT (odds ratio = 0.36, 95% confidence interval: 0.21, 0.63), especially if they themselves experienced low social participation (synergy index, 1.53) or were immigrants (synergy index, 1.68). The Malmö neighborhoods were homogeneous with regard to HRT and especially AHM use. However, differences in neighborhood social participation affected HRT use independently of individual characteristics.
common level of health and health care behavior over and above individual variation. Better comprehension of this collective phenomenon is necessary for understanding environmental effects on medication use. However, little empirical knowledge exists about the size of such collective effects or about the mechanisms underlying contextual effects on individual health (10, 11) and health care utilization such as medication use.
A relevant concept for understanding contextual effects on individual health is social participation. This concept has been used in the operationalization of social integration that was originally focused on the social network and social support of the person, and it was measured at the individual level (12) . However, the group dynamics and contextual characteristics of social networks may also exert a collective effect on the health of the citizens in a community, and neighborhood social participation has been regarded as a key component of the concept of social capital (13) (14) (15) . Thus, social participation is a relevant concept for understanding both individual-level and environment (contextual)-level effects on the health of persons (16) . In addition, social participation is also influenced by the environment in which a person is living (17) .
Both individual and area social participation has been related to health and health care behaviors (15, 18) . Better social networks have been hypothesized to have positive effects on health behaviors, possibly as a result of information exchange and the establishment of health-related group norms (15, 19) . Higher levels of social participation and social networks in the neighborhood may help women in those neighborhoods use these conduits for information and norm setting regarding medication use, and these neighborhood effects may be related to medication use independently of individual social participation. However, to date, we know of no studies that have simultaneously accounted for individual and neighborhood levels of social participation (15) .
In the present study, we aimed to identify and quantify a possible collective effect of neighborhood on individual use of hormone replacement therapy (HRT) and antihypertensive medication (AHM) in the city of Malmö, Sweden. Another goal was to evaluate the general impact of neighborhood social participation on use of these medications after adjusting for individual characteristics, especially individual social participation.
MATERIALS AND METHODS

The Malmö Diet and Cancer Study
The Malmö Diet and Cancer Study is a prospective cohort study performed in the city of Malmö. The 17,388 women aged 45-73 years who participated in the study cohort represented 41 percent of all women born in 1923-1950 who were living in Malmö during the baseline period 1991-1996. Subjects were requested to participate as a result of mailed letters of invitation and advertisements placed in the local media and through collaboration with major employers in Malmö. In total, the letters of invitation provided 80 percent of the participants. Of these women, 89 percent (15,456/ 17,388) were included in the present study; 5.6 percent (975/ 17,388) were excluded because of a lack of information on drug use, 4.9 percent (844/17,388) because of incomplete information on other variables studied, and 0.4 percent (63/ 17,388) because they lived in neighborhoods with fewer than 20 participants. The Ethical Committee at the Medical Faculty of Lund University in Malmö approved the study proposal, and all of the participants gave signed informed consent. A detailed description of the design and aims of the cohort study is given elsewhere (20) .
Baseline survey
The baseline examination took place during 1991-1996. A self-administered questionnaire and a 7-day personal diary were used to obtain information on relevant characteristics of the women, including use of medication. Each participant completed both information sources at home within the same 1-2-week period between the first and second consecutive baseline visits to the project office (20) .
The City of Malmö
The city of Malmö in southern Sweden has a population of approximately 250,000 inhabitants, and it is administratively divided into 110 neighborhoods. A total of 95 neighborhoods from which there were more than 20 Malmö Diet and Cancer Study respondents were included (table 1) .
Assessment of variables
Age was aggregated into four groups: 45-49, 50-59, 60-69, and 70-73 years, with the youngest considered the reference. Body mass index was computed as weight in kilograms divided by height in meters squared (kg/m 2 ) and was divided into four groups by quartile (<22.6, 22.6-24.8, 24.9-27.8, and >27.8). Age and body mass index were categorized arbitrarily because the association between these continuous variables and medication use may not be linear.
Educational achievement was dichotomized depending on the number of years of education reported on the selfadministered questionnaire. Low educational achievement consisted of 9 or fewer years compared with 10 or more years.
Self-rated health was assessed by using an ordinal scale from 1 ("worst possible") to 7 ("best possible"). Low selfrated health was arbitrarily defined as a value of ≤4 on this scale. Participants also reported whether they were immigrants, were living alone, were on sick leave, or were unemployed. All women aged less than 65 years reporting that they were retired were considered to be receiving a disability pension.
All reported pharmacologic agents were classified according to the 1997 version of the Anatomic Therapeutic Chemical classification system (ATC-97) (21) . Use of AHM (diuretics, beta-adrenergic blocking agents, calcium channel blockers, and angiotensin-converting enzyme inhibitors) was defined by using ATC-97 codes C02, C03, C07, C08, and C09. Female sexual hormone therapy (estrogens, progestogens, or their combination) was defined by using ATC-97 codes G03C, G03D, and G03F (22) .
Systolic and diastolic (phase V) blood pressure was measured under standardized conditions on the subject's right arm after 5 minutes of supine rest; a mercury manometer and a rubber cuff were used. High blood pressure was defined as either a systolic blood pressure of ≥140 mmHg or a diastolic blood pressure of ≥90 mmHg (23) . Hypertension was defined as the presence of high blood pressure or use of AHM.
Smoking was classified as regular, occasional, stopped, or never having smoked. The group of current smokers included occasional smokers and former smokers who had stopped for less than 1 year.
Individual social participation was defined by involvement in 13 formal and informal groups (study circle/course at place of work, other study circle/course, union meeting, meeting of other organizations, theater/cinema, arts exhibition, church, sports event, letter to the editor of a newspaper/ journal, demonstration, night club/entertainment, large gathering of relatives, private party) that the respondent may have participated in during the last year (24) . Items were summed, and those subjects whose score was three or less (lowest quartile) were classified as having low social participation. Low neighborhood social participation was assessed by the proportion of persons in the neighborhood classified as having individual low social participation.
Statistical methods
We used two-level logistic regression models (25, 26) . Persons (first level) were nested within neighborhoods (second level).
Fixed-effects analysis. We observed the association (the slopes of the regression) between individual medication use and individual variables as well as the contextual variable: neighborhood low social participation. Odds ratios and 95 percent confidence intervals were obtained from beta coefficients (standard errors) in the fixed part of the model. We also analyzed the fixed-effects, cross-level interaction between neighborhood low social participation, defined as a neighborhood value below the median percentage, and selected individual variables. We calculated the synergy index (SI) according to Rothman (27) , as follows:
, where OR = odds ratio, A = exposed and A n = nonexposed to neighborhood low social participation, and B = exposed and B n = nonexposed to individual low social participation.
Random-effects analysis. We calculated the second-level variance (variation between neighborhoods) in the prevalence of medication use. Next, to determine whether medication use was more similar between women living in the same neighborhood than between women from different neighborhoods (i.e., whether high or low medication use clustered in certain neighborhoods), we calculated the intraclass correlation (ICC), which is the percentage of the total variance between the neighborhoods, as follows:
× 100, where V n = neighborhood variance and V i = individual variance.
For dichotomous variables, the intraclass correlation was calculated by following the formula of Snijders based on an underlying continuous variable with V i = π 2 /3 (25) and also by using the simulation method proposed by Goldstein et al. (28) . A high intraclass correlation indicated high clustering of medication use in the neighborhoods and a strong neighborhood influence on individual medication use. A low intraclass correlation, on the other hand, expressed the existence of small geographic differences and a weak neighborhood influence on individual medication use.
To determine the proportion of neighborhood differences in the prevalence of medication use explained by the model, chain Monte Carlo method was also used to calculate the crude neighborhood variance in the empty model. Extrabinomial variation was explored systematically in all models, and we found no evidence for under-or overdispersion. The MLwiN software package, version 1.1 (29) , was used to perform the analyses.
RESULTS
Population characteristics
The median percentage of women with low social participation across the Malmö neighborhoods was 29.3 percent (first-third quartiles, 22.9-36.7 percent). Table 1 shows that as low neighborhood social participation increased from low (group 1) to high (group 4), the women in those neighborhoods had, on average, worse health, behavioral, and socioeconomic profiles. Figure 1 shows that the prevalence of HRT use decreased and the prevalence of AHM use increased as low social participation in neighborhoods increased. Table 1 also shows intraclass correlations for these population characteristics and demonstrates the degree to which certain individual-level characteristics were similar within neighborhoods. We found a considerable clustering of women with certain socioeconomic characteristics such as living alone (20.3 percent of the total variation in women living alone was attributable to between-neighborhood differences). Table 2 shows the percentage of women who responded affirmatively to the 13 items used to define low social participation. Table 3 shows the results from the "fixed-effects" part of the multilevel model. HRT use was highest among younger women aged 50-59 years and among former smokers. HRT use decreased in a dose-response manner with increasing body mass index and was lower among women with hypertension and those who were immigrants, were receiving a disability pension, had low educational achievement, and whose own levels of social participation were low (OR = 0.69, 95 percent confidence interval (CI): 0.63, 0.76). Use of AHM increased with age and body mass index. The ageadjusted odds ratio of AHM use was higher for women with low self-rated health and for those who were on sick leave and were receiving a disability pension. Interestingly, low educational achievement and a lack of individual social participation did not affect AHM use. In other words, the fixed-effects part of the multilevel analysis showed that use of HRT and AHM was associated with rather opposite individual-level profiles, with AHM use being much less socioeconomically patterned. Table 3 also shows that after adjustment for age, the contextual variable of neighborhood low social participation was strongly associated with lower HRT use (OR = 0.17, 95 percent CI: 0.10, 0.29) and higher AHM use (OR = 1.98, 95 percent CI: 1.17, 3.38). Table 4 provides summary results from "random-effects" multilevel models that examined the relative contribution of individual characteristics (compositional factors) and the contextual characteristic of living in a neighborhood in which social participation was low. The so-called empty model enabled us to examine how much of the variation in the outcomes was between neighborhoods (i.e., intraclass correlation) without considering any independent variable at all. There was actually very little clustering of either AHM or HRT use (intraclass correlations = 0.5 percent and 1.7 percent, respectively), suggesting much greater heterogeneity within than between neighborhoods. Table 4 also shows how much of the neighborhood variation was explained by each of the individual-level variables and neighborhood social participation. After we accounted for the age composition of the neighborhoods, we found that living in a neighborhood with low social participation explained 50 percent of the between-neighborhood variation in HRT use and 29 percent of AHM use. Table 5 Including neighborhood low social participation in model 4 increased the explained variance in between-neighborhood medication use by 5 percentage points to 60 percent for HRT and by 6 percentage points to 56 percent for AHM.
Compositional and contextual effects
In model 4 (not shown in the tables), after control for individual-level socioeconomic, behavioral, and health factors, the odds ratios (i.e., fixed effects) associated with living in a 
Cross-level fixed-effects interactions
For use of HRT, evidence was found of cross-level interaction between neighborhood low social participation and being an immigrant (synergy index, 1.68) and having individual low social participation (synergy index, 1.53). In relation to AHM use, we found no evidence of cross-level interactions.
DISCUSSION
Our results showed that neighborhood-level social participation was importantly associated with HRT use but not with AHM use among women, after adjustment for individuallevel socioeconomic, behavioral, and health factors. However, although neighborhood social participation was associated with HRT use, individual medication use was rather homogeneous all over the city, so that betweenneighborhood differences in HRT use explained only a very small part of the total variability in medication use in this population of women. This type of information can be gained only from multilevel models that contain both fixedand random-effect estimates (30) . Of the total variability in medication use in this population of women, only 1.7 percent (HRT) and 0.5 percent (AHM) was between neighborhoods. The low intraclass correlation found in our study may reflect the fact that for medication use, the Malmö neighborhoods are rather similar to each other. That is, the low intraclass correlations suggest that the clustering of medication use in the 95 neighborhoods of Malmö is fairly close to what would be expected if 95 repeated random samples were chosen from the total population of the city. Even though these neighborhoods represent socially meaningful boundaries, it is possible that they are not the best proxy for defining the "true social boundaries" that may influence medication use. Although clustering of medication use was low, we also showed that clustering of other individual characteristics was much higher within these same neighborhoods. Table 1 showed that in contrast to medication use, some social variables such as living alone were highly clustered (intraclass correlation = 20.3 percent).
The relatively small neighborhood differences in medication use were largely explained by the composition of the neighborhoods: 55 percent (HRT) and 50 percent (AHM). Over and above these individual factors, some of the between-neighborhood variation was, however, explained by the neighborhood social participation variable.
In spite of the low clustering of medication use in the Malmö neighborhoods, the data yielded enough variation to enable us to detect area-level associations (i.e., fixed effects). In low social participation neighborhoods, women were much more likely to use AHM (OR = 1.98, 95 percent CI: 1.17, 3.38) but much less likely to use HRT (OR = 0.28, 95 percent CI: 0.20, 0.40), and this contextual effect remained for both types of medication use after adjustment for individual characteristics (age, social participation, education, unemployment, disability pension, living alone, and being an immigrant). After further adjustment for individual health and behavioral characteristics (smoking habits, body mass index, low self-rated health, hypertension (for HRT use only), and sick leave), the observed contextual effect of neighborhood low social participation persisted for HRT use (OR = 0.36, 95 percent CI: 0.21, 0.63) but was not related to AHM use (OR = 1.37, 95 percent CI: 0.78, 2.38). Furthermore, cross-level interaction analyses showed that the effect of low levels of neighborhood social participation on HRT use was especially strong for women with low levels of individual social participation and among immigrants.
We emphasize that if aspects of the social environment influence health by operating as upstream determinants of individual characteristics (31) , then control for many downstream individual factors may overadjust the true effects of the context (9) . This possibility is even more salient if one poses the cross-level causal question in a life-course developmental framework, where the effects of various aspects of the environment are literally embodied over time (32, 33) so that what is assigned as an individual-level variable at one time point could equally be conceptualized as a characteristic of the past environments in which those persons grew up.
Pharmacologic treatment of high blood pressure is a widespread therapy that has been promoted strongly in many populations. In our study, it also seems reasonable that individual conditions related to higher cardiovascular morbidity were associated with AHM use. However, this use did not differ in immigrants, the unemployed, women with low educational achievement, and women with a lack of social participation, which may reflect the fact that once hypertension is established, the known socioeconomic differences in the onset of hypertension (34) are not followed by inequality in access to pharmacologic therapy (AHM), at least in Malmö, Sweden. Therefore, although the underlying disease burden is unequally distributed across socioeconomic groups, and disease determinants may be conditioned by the social environment, equality exists in access to and use of AHM. The same may not be true in other less-equitable health care environments.
A rather different pattern of associations was observed for HRT. Individual conditions related to higher morbidity were not associated with HRT use; if they were, the association indicated less HRT use (e.g., among those receiving a disability pension). Immigrants and the unemployed used HRT less often, and the same was true for women with less education and lower levels of social participation. Our results agree with previous observations indicating that women who use HRT are healthier and have a higher socioeconomic position (35) . Therefore, reasons concerning maintenance of social roles, aspects of communication networks, women's demands, and physicians' attitudes related to socioeconomic position (36) could be involved in the higher HRT use among these women. Better social networks have been hypothesized to have positive effects on health behaviors, possibly through information exchange and the establishment of group norms (15) . Thus, higher levels of social participation and social networks in the neighborhood may help women in those neighborhoods use these conduits for information and norm setting regarding HRT use. At the other extreme, women on a disability pension, immigrants, or those with low individual social participation may be the most deprived regarding HRT use when living in neighborhoods in which social participation is low.
It is also possible that the association observed here for a neighborhood effect of social participation on HRT use was the result of residual confounding by unobserved socioeconomic characteristics. Although we cannot rule out residual socioeconomic confounding, our study did adjust for more individual socioeconomic variables than any of the 25 studies of the effect of neighborhood socioeconomic context on health outcomes recently reviewed by Pickett and Pearl (37) .
Limitations: selection bias, information bias, and confounding
Selection of geographic units should not have been a source of bias, since 95 of the 110 administrative geographic areas were included and only the least populated areas were omitted. Malmö neighborhoods are very coherent in terms of both ownership and types of buildings that make up the area. Each neighborhood has a name that people refer to and recognize. Therefore, this level may represent a rather natural delimitation of the social environment. On the other hand, the participation rate (median, first-third quartile) in the neighborhoods was low (42 percent, 32-50 percent). Hence, the cohort may not be representative of the whole population, which may have reduced the external validity of our results. However, participants could be regarded as fairly representative of the general population, at least in relation to the main sociodemographic variables studied (38) .
Selective residential mobility (i.e., deprived women move to deprived neighborhoods) is part of the process that drives compositional neighborhood differences, but the end results of this compositional process were explicitly considered in our study-at least for a number of relevant variables. Information on drug use was self-reported, which seems to be a valid method of measuring current drug use (22) . The reliability (test-retest stability) of the social participation variable, as assessed in a previous paper, was high (kappa = 0.77) (39) . Table 2 shows that scores of low social participation were not driven by just a few items, and similar items have been used in several other studies of social networks (40) .
Conclusions
When neighborhood effects on individual health are studied, both measures of health variation (e.g., explained neighborhood variance, intraclass correlation) and traditional measures of association (e.g., odds ratios) produce relevant and complementary information (41) . Our study indicated that neighborhoods in Malmö were homogeneous with regard to HRT and, especially, AHM use, but the same may not be true in other countries or contexts or for other outcomes. Sweden has a long history of equitable and broadbased social investments, and it is possible that these types of investments over time "even out" place-based differences in health-enhancing resources and thus place-based health differences. This finding may be much less true in countries such as the United States and the United Kingdom, where place-based economic and social segregation go hand-inhand with disinvestments in a whole array of potentially health-enhancing resources.
We found that after considering individual social, economic, behavioral, and health characteristics of women, low levels of neighborhood social participation decreased individual HRT use but had little impact on AHM use. We also showed cross-level interactions between individual characteristics and neighborhood low social participation. Results suggested equity in access to AHM use, probably based on individual disease burden, but inequity in HRT use, based on both individual and neighborhood characteristics that may have to do with aspects of the communication networks among women living in more advantaged neighborhoods.
Our study empirically supports the idea that contextual factors related to aspects of the social environment in which people live do contribute to differences in individual behavior such as medication use. Our findings thus have relevance for the burgeoning literature on social capital and health (15, 42, 43) . Our results clearly show the potential for aspects of the neighborhood social environment to affect health but that the strength and direction of these effects differ according to the outcome being studied. This finding suggests that future research may build a stronger evidence base by examining more specific links between social environment and outcomes that have clearly conceptualized cross-level mechanisms (44) .
